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Talk overview 

• CLARREO Mission 
High accuracy calibration requirements 

• SI traceability in the laboratory 
NIST’s SIRCUS (detector-based calibration with laser sources) 
Calibration of G-LiHT, ORCA, SOLARIS (CLARREO), HyPlant, VIIRS 

• Model-based sensor inter-calibration 
 Value of imaging spectrometer for site characterization 
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Discussion of complementary 
laboratory and on-orbit 
calibration methods for 
climate measurements 



CLARREO 
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Calibration for climate observations 
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Value of Information 
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2-30T USD 



CLARREO reflected solar instrument 
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Solar/Lunar for Absolute Reflectance 
Imaging Spectrometer (SOLARIS) 

 
• Spectral range:   320 – 2300 nm 
• Spectral sampling:  ≤4 nm 
• Spectral resolution:  8 nm 
• Swath width at nadir from 600 km orbit:  >100 km 
• GIFOV < 0.5 × 0.5 km 
• Spatial resolution per sample: 

– 70% of energy from within a 0.5 km x 0.5 km area 
– ≥ 95% within a 1.0 km x 1.0 km area  

 
 

• SNR > 33 for λ < 900 nm 
• SNR > 25 for λ > 900 nm 

 

• Polarization sensitivity for 100% polarized input: 
– <0.50% (TBD) below 1000 nm and  
– <0.75% (TBD) at other wavelengths 

 

• Radiometric calibration accuracy:  0.3% of albedo 
(integration of reflectance across all wavelengths) 
and within individual bands 

Solar scan 
April 2014 



CLARREO calibration approach 
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Ensure prelaunch calibration 
simulates on-orbit sources 

Transfer to orbit through 
accurate prediction of sensor 
behavior while viewing 
known sources 

Characterize sensor to SI-traceable, 
absolute radiometric quantities during 
prelaunch calibration 

Component and system level data 
used to develop hi fidelity sensor 
model 



Detector-based calibration 
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Narrow band sphere output calibrations are 
achieving 0.09% (k=2) 

 



SIRCUS calibration in laboratory 

Detector-based calibration with laser-sphere source 

CLARREO’s 
SuitcaseSOLARIS 

Spectrometer 

ASD silicon-only 

ASD Full range 

Transfer radiometer, 
silicon trap 

Laser light via 
fiberoptic 

Integrating sphere 

Rotational stage for 
future polarization 
measurements 
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Why SIRCUS calibration? 
CLARREO Earth view budget 
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Current SIRCUS calibration activities 
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FLUO DUAL 

25 Oct 2013 

Duke Forest 

HyPlant 

G-LiHT 
Goddard’s Lidar, Hyperspectral, 
and Thermal airborne platform 



1 
G-LiHT 

Red Lake Playa, Arizona 
29 March 2013 

Landsat 8 

Landsat 7 

CLARREO/SOLARIS 

Spectralon reference 

http://earthobservatory.nasa.gov/IOTD/view.php?id=80913 

 

Surface reflectance 

12 

(Airborne payload with 
SIRCUS-calibrated 
imaging spectrometer) 



Model-based inter-calibration approach 
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Continuous 
spectral 
reflectance 
measurements 

Traceability from 
• Prelaunch 
• Onboard 
• Sun 
• Moon 
• Vicarious 

Transfer radiometer + Model 
supported by array of 
measurements 

BRDF 

Moves away from empirical 
sensor-to-sensor comparisons 

Airborne 
measurements 

SI-traceable – error budget 
and uncertainty 

Water vapor 
AIRS 



On-orbit calibration examples 
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 Refl-based
 Coincident cross-cal

Suomi NPP VIIRS 
degradation based on 
model, solar diffuser, solar 
diffuser monitor, lunar 
calibration, and model 

EO-1 Hyperion 
radiometric calibration 
based on 

• in situ measurements 
(black line) and  

• inter-calibration with 
MODIS (green line) 

Xiong et al 



Summary 

• Detector-based calibration with tunable laser source for high accuracy 
required by CLARREO 
– Full-field, full-aperture spectral and radiometric sensor characterization 
– SI-traceable (primary optical Watt) with 0.09% k=2 uncertainty 
– Calibration methodology applied to other sensors (ORCA, G-LiHT, NPP & 

JPSS VIIRS, etc.) 
  

• Imaging spectrometer would advance inter-calibration beyond sensor-
to-sensor comparisons to a model-based inter-calibration by providing 
spectral reflectance factor 

 

• CLARREO and HyspIRI are complementary 
– HypsIRI provides measurements for science questions detailed in other 

sessions of this symposium 
– CLARREO provides benchmark measurement to better understand climate 

forcings, responses, and feedbacks 
– CLARREO would increase value of HyspIRI by improving its calibration 

knowledge 
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